Two trials were conducted to determine the effects of steam-flaked sorghum grain bulk density on animal performance, cost of production, and propensity to induce ruminal acidosis in feedlot steers. In Trial 1, 336 yearling steers (343 kg; SEM = .346) were fed diets for 125 d that contained sorghum grain (82.5%, DM basis) flaked to .283 ( L ) , .322 (M), or .361 ( H ) kg/L (i.e., 22, 25, and 28 lb/bu). Steers fed L consumed 3.2% less DM than those fed H (linear, P < .05), resulting in 6.9% lower ADG (linear, P = .02) and 3.6% lower gain efficiency (linear, P < .15). Sorghum grain flaked to M and L had 16 and 46% greater starch gelatinization than H (measured using differential scanning calorimetry; linear, P = .002). Dressing percentage increased linearly ( P < .05) with increasing flake density, but no other carcass measurements were affected by treatment. Increasing flake density increased mill production rate linearly ( P < .01), resulting in the lowest energy usage per unit of flaked grain for the H treatment. Trial 2 was an acidosis challenge study that incorporated six ruminally cannulated steers (422 kg; SEM = .129) into a replicated 3 × 3 Latin square experiment. Reducing flake density resulted in linear reductions in ruminal pH following intake challenge at 3, 33, and 36 h after the d-12 challenge ( P < .05). There was a linear increase in the area between the pH vs time curve and a line at pH 5.5 ( P < .01) and 5.0 ( P = .09) with decreasing flake density (28.0, 25.2, and 18.2 pHhours below 5.5 and 9.6, 7.3, and 3.9 pH-hours below 5.0 for L, M, and H, respectively). Cattle consuming L also tended to have higher VFA concentrations ( mM) at 36 h after challenge ( P = .12). There was no significant treatment effect on ruminal lactate. Flaking sorghum grain to .283 and .322 kg/L resulted in reduced intake and poorer animal performance compared with .361 kg/L (58.7% starch gelatinization), higher susceptibility to subacute acidosis, and higher costs of production.
Introduction
Steam flaking improves the value of sorghum grain for feedlot cattle (Hale et al., 1966; Osman et al., 1970; McNeill et al., 1971; Hale, 1973; Hinman and Johnson, 1974; Theuer, 1986) . Current information on steam flaking of sorghum grain indicates that conversion efficiency by beef cattle is optimized when the grain is flaked to .283 to .361 kg/L due to improvement of starch utilization (Eck, 1991; Xiong et al., 1991) . However, cost of producing various densities of flaked sorghum grain at near maximum mill load has not been addressed. Furthermore, comparisons of the cost:benefit ratio are not readily available. When grain is extensively steam-flaked, starch is made more available to ruminal degradation, resulting in a more rapid rate of fermentation. Variation in feed intake in response to altered feeding schedules, weather fronts, and so on, predispose feedlot cattle to subacute or acute acidosis. How flake density affects ruminal metabolism and the potential for subacute acidosis has yet to be addressed. Therefore, the objectives of the present studies were to evaluate the effects of three densities of steam-flaked sorghum grain on mill production rate, animal performance, and the propensity to induce acidosis in feedlot steers. b Contained (DM basis) 40% CP, 30% of N as NPN, 9.85% Ca, .95% P, 4.85% K, and 4.02% NaCl.
c Monensin was added separately at 360 mg·steer −1 ·d −1 and tylosin was added at 90 mg·steer −1 ·d −1 . 
Experimental Procedures
Trial 1. Three hundred thirty-six English × Continental crossbred steers (343 kg; SEM = .346) were selected based on uniformity in weight and breed type from a larger group of 550 steers received off wheat pasture in April 1992. All steers were implanted (Synovex-S; Fort Dodge Animal Health, Overland Park, KS), dewormed with Safeguard ® (Hoechst Roussel Vet, Warren, NJ), vaccinated against infectious bovine rhinotracheitis, bovine viral diarrhea, and seven clostridial diseases, ear-tagged, and adapted for approximately 14 d to a medium-energy diet at a commercial feedyard in western Kansas. All steers were then shipped 40 km to the Southwest Kansas Research-Extension Center ( SWREC) in Garden City. The steers were grouped into 12 weight blocks and randomized to pens. One group of pens ( n = 12) was dirt-floored and contained 12 steers per pen (four pens per treatment), and the other group of pens ( n = 24) was concrete-floored, and contained eight steers per pen (eight pens/treatment). There were a total of 12 pens per treatment. The cattle were adapted to the final diet (Table 1 ) containing sorghum grain flaked to .283 ( L) , .322 ( M) , or .361 ( H) kg/L using two transitional diets. Daily feed intake was recorded by pen. The cattle were weighed full after the step-up phase (May 25 and 26, 1992; 343 kg) and at 28-d intervals until finished, at which time they were again weighed after 125 d on test (September 27 and 28, 1992 ) and processed at a commercial facility near Garden City. Carcass data collected included hot carcass weight, adjusted fat thickness, ribeye area, kidney, heart, and pelvic fat, marbling score, and liver abscess score. Sorghum grain (.770 kg/L) was flaked fresh daily. Sorghum grain was cleaned and sprayed with water and a wetting agent (Red-E-Flake ® ; Cargill, Inc., Molasses Div., Minneapolis, MN) and allowed to steep in the steam chest (1.22 × .61 × 6.1 m ) and overhead storage bin at environmental temperature and pressure for about 18 h before steaming. Conditions during steeping were not monitored. Each day, steam (Superior Boiler, 1204 L ) was turned on, and when the steam chest reached 100°C the rolls (Ross 46 × 61 cm flaking mill, 25 hp) were warmed for 20 min by flaking grain to .322 kg/L. This grain was discarded. After warming, the rolls were tightened to flake the .283 kg/L grain ( L ) . When enough grain was processed to meet the daily usage of light density grain, the rolls were adjusted to flake the .322 kg/L grain (M), and then the .361 kg/L grain (H). Flake weight was measured daily for each flake density using a standard 1-L bushel weight arm balance. While flaking the grain for the test diets, mill load was maintained at 25 amperes (90% of maximum mill load) for all three densities. This resulted in average flaking times of 59.0, 43.6, and 35.2 min, and average steam chest retention times of 90, 70, and 50 min for L, M, and H, respectively. Samples of steeped, steamed, and freshly flaked grain were taken weekly and sealed in plastic bags. Within 30 min after collection, one portion of the sample was placed in an oven for DM determination, and the remainder was frozen for subsequent starch gelatinization analysis. Moisture content of grain averaged 10% (SEM = .051) before conditioning, 16% (SEM = .072) after tempering, and 20.5% (SEM = .107) immediately beneath the rolls. Diet samples were obtained weekly and composited every 4 wk. Composite samples were then analyzed for concentrations of DM, CP, Ca, and P. Although steaming times varied for the different treatments, moisture content before and after flaking did not differ between treatments. Most of the moisture uptake by grain occurs early in the steaming process (Johnson et al., 1968; Beeson, 1972; Roth, 1972; Zinn, 1990) . Further, Zinn (1990) demonstrated that steaming corn longer than 34 min did not alter nutritive value of the grain. Degree of starch gelatinization was determined on processed grain using differential scanning calorimetry ( DSC; Miles et al., 1985) . Performance and carcass data were analyzed as a randomized complete block using GLM procedures of SAS (1992) . Pen served as the experimental unit. Sums of squares were further partitioned with orthogonal contrasts to measure linear and quadratic effects of flake density.
Trial 2. Six ruminally cannulated steers (422 kg; SEM = .129) were randomized to a replicated 3 × 3 Latin square experiment and fed concurrently with the cattle in Trial 1 at the SWREC, so that the diets (L, M, and H ) and grain fed were identical in the two studies. Steers were housed in individual pens with individual water tanks and feedbunks.
A subacute acidosis challenge model was used to examine the effect of grain processing on the propensity for inducing subacute acidosis. Steers were adapted to a flaked grain-based diet and then acclimated to their respective treatment (dry matter intake was restricted to 2% of BW/d, which was fed in two equal portions at 0800 and 2000 daily) for 9 d and baseline rumen samples (0, 3, 6, 9, and 12 h after feeding) were taken on d 10. The evening feeding on d 11 was omitted, a 0-h rumen sample was taken at 0800 on d 12, and then 1.5% of BW was fed in the bunk. The cattle were allowed 90 min to consume the feed, at which time any unconsumed feed along with another 1% of BW of feed was placed through the cannula into the rumen, resulting in 2.5% of BW of feed DM entering the rumen in a 90-min span. Rumen samples (500 mL) were taken at 3, 6, 9, 12, 18, and 24 h after feeding following hand-mixing of rumen contents. The 2000 feeding on d 12 was withheld, and a second subacute acidosis challenge was conducted on d 13. Post-challenge intake recovery was recorded on d 14, 15, and 16. During this phase, the pre-challenge feeding schedule was resumed. Following the final sampling of each period, all steers were re-inoculated with whole rumen fluid from two control steers that had been on the M diet (2% of BW). Cattle were subsequently acclimated to their next treatment. Rumen samples were strained through four layers of cheesecloth and pH was measured. Strained rumen fluid (10 mL) was then pipetted into a vial containing 2 mL of 25% (vol/vol) meta-phosphoric acid and frozen for storage. Samples were later thawed and centrifuged at 39,000 × g for 20 min. Supernatant was analyzed for L(+) lactic acid (Gutmann and Wahlefeld, 1974 ) and volatile fatty acids (Hewlett-Packard 5890A Gas Chromatograph, 183-× .635-cm column, Supelco SP 1200 packing, nitrogen carrier @ 80 mL/min, Flame Ionization Detector @ 225°C).
Data were analyzed using the GLM procedure of SAS (1992) for a replicated Latin square. The model included square, animal(square), period(square), and treatment. Sums of squares were further partitioned with orthogonal contrasts to evaluate linear and quadratic effects of flake density. Time and time × treatment terms were added to the model for analyzing VFA using a split-plot analysis. Whole-plot model effects were tested using animal × period × treatment as the whole-plot error term, and sampling time was the subplot main effect. Data were analyzed within period if treatment × time interactions ( P < .10) existed.
Results and Discussion
Increasing flake density resulted in a linear increase in DM intake ( P < .05) and dressing percentage ( P < .05; Table 2 ). Therefore, it is likely that differences in gastrointestinal fill may have influenced final live weight. As a result, final weights used for calculation of gain and efficiency were hot carcass weights divided by a constant dressing percentage (63%). There was a positive linear effect of increasing flake density on daily gain ( P < .05). Gain efficiency tended ( P < .15) to favor those steers fed H vs those fed L. These results conflict with previous reports of improved efficiency by cattle when offered extensively processed grain (Xiong et al., 1991) . Reduced gain efficiency for L steers was probably, in part, a function of reduced DM intake, resulting in a higher proportion of total ME intake being used for maintenance compared to H steers. Xiong et al. (1991) reported that when sorghum grain was flaked to .437, .415, or .283 kg/L (i.e., 22, 28, or 34 lb/bu) bulk density, intake was depressed linearly with decreasing density, but rate of gain was not altered at the lower intake level because of increased starch availability. In contrast to our findings, this resulted in the highest gain efficiency being achieved with the most highly processed grain. Similar responses were observed by Eck (1991) with sorghum grain and by Zinn (1990) with corn. What must be recognized is that even though the lowest flake density used in the Xiong et al. (1991) (Robutti et al., 1974) or sorghum kernels were broken; the granule often shattered, rather than simply separating at the interface. For this reason, it should be noted that DSC measures only the amount of starch still in the crystalline or retrograded state but cannot measure differences in starch availability due to protein disruption. There were no differences in carcass measurements or liver abscesses as a result of feeding grain flaked to different densities. Improved efficiency of cattle fed the less extensively processed grain implies increased energy retention, but this was not manifested in any measurements other than increased carcass weight. Zinn (1990) found no effect of density of steam-flaked corn on yield grade, quality grade, or carcass fatness, although there were differences in rate of gain.
Conversely, Xiong et al. (1991) reported that feeding sorghum grain of lower flake density reduced USDA yield and quality grades.
At steady mill load, which is analogous to the situation in a commercial feedmill, processing to heavier bulk densities resulted in more rapid production rate (linear, P < .01; Table 3 ). Reducing flake density resulted in a linear increase in starch gelatinization ( P = .002), but flaking to lighter test weights placed more electrical load on the mill at a constant rate of throughput. In a commercial setting, mill output per unit of time would be maximized to spread fixed costs across greater production. To increase the tension between the rolls at steady mill load, throughput must be reduced. This results in increased retention time of the grain in the steam chest (90, 70, and 50 min for L, M, and H, respectively). There has been speculation that increasing retention time may improve the value of steam-flaked grain, but Zinn (1990) found no benefit of steaming corn for 47 or 67 min compared with 34 min. Roth (1972) found no increase in in vitro gas production by steam-flaked sorghum grain steamed for 30, 40, or 50 min compared with 20 min. This is because most of the moisture uptake by dry grain exposed to steam at atmospheric pressure takes place within the first 12 min of exposure (Johnson et al., 1968; Beeson, 1972) . Therefore, increasing retention time beyond 12 to 20 min is of no benefit, and extended steaming time is where the greatest costs are incurred. All costs associated with residence time and throughput (gas cost of energy to maintain chest temperature and electrical cost of running the mill) on a per unit production basis increased proportionately with decreasing production rate. Therefore, production costs associated with steam flaking increased linearly with decreasing flake density.
In Trial 2, the fast-challenge procedures resulted in significant reduction in ruminal pH (Figure 1 ; P < .10), and increased VFA (Figure 2 ) and lactate concentrations (Figure 3 ; P < .01). Flaking to lighter densities resulted in linear reductions in ruminal pH ( P < .10) at 3 h following the first challenge and 6 and 9 h after the second challenge. There was a tendency for total VFA concentration to be higher for L than for H at 6 ( P = .23) and 12 h ( P = .12) following the second challenge (Table 4 ), but there was no effect of treatment on lactate concentration. Reduction in pH and increase of VFA concentration in the rumen have been observed in other research as a result of increased starch availability of processed grains. Franks et al. (1972) and Hinman and Johnson (1974) found that steers fed steam-flaked sorghum grain had higher concentrations of ruminal VFA than steers fed ground sorghum. Authors of the latter trial also reported that ruminal pH was lower when steamflaked sorghum (.361 kg/L, 37.1% gelatinization) was fed compared to ground or dry-rolled sorghum, but they found slightly lower VFA concentration in steers fed steam-flaked sorghum than in steers fed micronized sorghum (84.9% gelatinization). Galyean et al. (1976) reported lower pH and higher VFA concentration in the rumen of steers fed steam-flaked corn than of steers fed dry-rolled corn, and Zinn (1990) observed a linear decrease in ruminal pH with decreasing flaking density. Hence, starch availability is potentiated by processing with heat and pressure, but increasing the pressure placed on the grain during flaking causes further increases in starch availability. There was a linear effect of degree of processing on extent of acidosis, as measured by integrating the area between the pH*time curve and pH 5.5 ( P = .005) and 5.0 ( P = .09). This indicates that overconsumption of more extensively processed grain resulted in increased severity of acidosis, which subsequently resulted in a longer duration of suboptimal pH in the rumen. Onset of acute acidosis generally occurs when ruminal pH drops below 5.0 and is accompanied by overt physiological signs (Wilson et al., 1975; Huber, 1976; Slyter, 1976) . However, intake and performance can still be depressed even if signs are not apparent and if pH falls between 5.5 and 5.0, (Slyter, 1976; Harmon et al., 1985) .
Dry matter intake and rate of gain were depressed and challenge-induced subacute acidosis was more severe in cattle fed more extensively processed grain. The challenge model used in this experiment was designed to emulate the effect that variation in feed consumption as a result of altered weather patterns or feeding schedules might have on feedlot cattle. Approaching weather fronts preceded by falling barometric pressure can cause overconsumption of feed. Similarly, high wind during cold weather can keep cattle away from the feed bunk, which can subsequently lead to compensatory overconsumption. Further, mill failures or other equipment problems may alter feed delivery schedules. As starch is made more available with greater intensity of steam flaking, the physiological hazards of grain overload also increase. In practice, more extreme acidosis would result in greater number of days off feed, reduced performance, and(or) more death loss due to acute acidosis.
Implications
Under the conditions of these experiments, flaking sorghum grain more extensively than .361 kg/L (i.e., 28 lb/bu; 58.7% starch gelatinization) resulted in poorer animal performance, lower mill efficiency, and increased animal susceptibility to subacute acidosis. Therefore, the proposed benefits from extensive steamflaking of sorghum grain were found to be suspect. Increasing the density of steam-flaked grain may lower the incidence of subacute acidosis due to variation in feed intake. It is noted, however, that more extensive flaking may be required to sufficiently process low test weight sorghum grain or sorghum grain with a high content of foreign material.
